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The growing impact of asymmetric catalysis in chemistry is driven by an 
increasing demand for the economical synthesis of enantiomerically pure chiral 
compounds to be used as drugs, agricultural chemicals, flavors, fragrances, and 
components of materials. However, the synthetic control of chirality-at-metal remains 
a formidable challenge and the reports of asymmetric catalysts that derive their 
chirality exclusively from an octahedral center are very few. Inert octahedral chiral-at-
metal complexes are an emerging class of asymmetric catalysts with potential 
applications which exploit the globular, rigid nature and stereochemical options of 
octahedral compounds. Herein, we mainly developed the synthesis of optical active 
octahedral complexes and explored their application in the asymmetric transfer 
hydrogenation. 
In chapter 1, synthetic methods for enantiopure chiral-at-metal octahedral 
coordination compounds are briefly summerized. In addition, recent progress on 
asymmetric catalysis based on hydrogen bonding interactions are briefely reviewed as 
well. 
In chapter 2, we demonstrate our development of new auxiliaries for asymmetric 
synthesis of chiral ruthenium polypyridyl complexes, in particular, alternative 
auxiliary cleavage methods for introducing target ligands. Accordingly, chiral enol 
oxazolines ((S)-EOs) were synthesized and coordinated with ruthenium source 
[RuCl2(dmso)4] diastereoselectively. Auxiliary complexes Λ-[Ru(bpy)2{(S)-EO-
H}]PF6 could be obtained with satisfactory diastereoselectivities in a single step. 
Afterwards, we developed a couple of strategies for the cleavage and removal of 
bidentate enolato ligands (the auxiliary) and introduced the target ligand 2,2'-
bipyridine, including the most interesting mCPBA-induced oxidation method, without 
loss of significant metal-centered configuration. We also proposed the reaction 
mechanism and crystallized some of the intermediates to get more understanding of 
the system. 
In chapter 3, based on the synthetic methodology studies on the chiral-at-metal 
complexes, we designed and sythesized inert octahedral chiral-at-metal iridium(III) 
and rhodium(III) complexes as novel hydrogen bonding catalysts. Then the 















β,β-disubstituted nitroalkenes was illustrated. Although function as non-covalent 
bonding catalysts, promoting merely three hydrogen bonds, the iridium and rhodium  
complexes could be employed routinely with catalyst loadings of 0.1% mol, while 
retaining high ee values of up to 99%. Additionally, comparison of iridium and 
rhodium centered catalysts, we found their catalytic activities are somehow identical, 
which demonstrate that the central transition metal serves only as a structural 
ankerpoint, provides metal centrochirality, while not interacts with the substate, as we 
expected.  
In chapter 4, the work of this dissertation is summarized and the prospects for 
future research are presented.  
Key words: Enol oxazolines as chiral auxiliaries; Octahedral metal complexes; 








































道了手性八面体配合物能与 DNA 特定活性部位进行作用(Figure 1.1a) [10]； 
Meggers 通过研究发现光学纯的手性钌八面体配合物 Λ-FL172 能够作为蛋白激
酶 PAK-1 的高效高选择性抑制剂，IC50 达到 130 nM（IC50是判断抑制剂抑制性
能的重要参数，即使酶活性降低到 50%时所需抑制剂的浓度，通常数值越低抑
制活性越好），并且在该研究中发现，Λ-FL172 的镜像结构的对映异构体 Δ-
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